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Effect of endogenous angiotensin on the efferent glomerular
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Effect of endogenous angiotensin on the efferent glomerular arte-
riole of rat kidney. The local, direct effect of endogenous anglo-
tensin II (All) in the isolated, perfused rat kidney was studied in
an "open-circuit," single-pass preparation perfused at a constant
pressure with an artificial solution containing 6.5% bovine albu-
min in Krebs-Ringer solution. After the addition of purified renin
substrate (tetradecapeptide, 3 to 5 x 10—8 M), renal plasma flow
fell from 25.3 1.6 to 14.4 1.0 ml . min' (N = 6, P < 0.001)
and GFR rose from 0.3 0.03 to 0.63 0.06 mlmin' (P <
0.001). Filtration fraction rose accordingly from 0.015 0.001 to
0.044 0.002 (P < 0.001). The effects of the renin substrate were
promptly reversed by the addition of an angiotensin antagonist,
Sar1-Al8-AII (3 x l0_6 si). Measurements of distribution of per-
fusate flow between outer and inner cortex were made with ra-
dioactive microspheres. Outer cortical flow was 75.3 3.5% of
the total cortical flow during the control periods and 73.7 2.3%
during the maximal renin substrate effect. We conclude that en-
dogenous All is active locally, independent of systemic recircu-
lation. Its major site of action in this preparation is on the ef-
ferent glomerular arteriole.
Effet de l'angiotensine endogene sur l'artériole efférente du
glomerule chez le rat. L'effet local, direct de l'angiotensine II
endogène sur le rein de rat isolé et perfuse a etC étudiC sur une
preparation en circuit ouvert, perfusée a pression constante avec
une solution artificielle contenant 6,5% d'albumine bovine dans
une solution de Krebs-Ringer. AprCs l'addition de substrat de
refine puriflé (tetradCcapeptide, 3 a 5 x 10 M), le debit plasma-
tique renal a diminué de 25,3 1,6 a 14,4 1,0 mlmin1 (N = 6,
P < 0,001) et le debit de filtration glomCrulaire a augmentC de 0,3
0,03 a 0,63 0,06 m1min1 (P < 0,001). La fraction filtrée a
augmenté en consequence de 0,015 0,001 a 0,044 0,002 (P <
0,001). L'effet du substrat de rénine est rapidement reversible
par l'addition d'un antagoniste de l'angiotensine, le Sar1-A18-AII
(3 x 10_6 M). Des mesures de la distribution du perfusat entre le
cortex externe et interne ont Cté faites au moyen de micro-
spheres radioactives. Le debit cortical externe Ctait de 75,3
3,5% du debit cortical total au cours des pCriodes contrôles et de
73,7 2,3% au cours de l'effet maximal du substrat de rénine. Ii
est conclu que l'angiotensine II endogCne est active localement
independamment de Ia recirculation systemique. Son site
d'action majeur dans cette preparation est l'artériole efférente
du glomCrule.
The isolated mammalian kidney perfused with a
synthetic plasma is a useful preparation with which
to test primary actions of agents that affect the kid-
neys. The kidneys in situ are exposed to multiple
nervous and humoral factors that can obscure pri-
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mary actions of agents. Such is not the case when
agents are tested in the isolated perfused kidney. It
has been shown that in the isolated perfused rat kid-
ney endogenously generated angiotensin II (All)
does, in fact, have its major site of action on the
efferent glomerular arteriole [1]. There continues to
be uncertainty, however, regarding the action of
All within the kidney, particularly whether the an-
giotensin formed within the kidney must return via
the renal veins or lymph to the systemic circulation
and then via the renal artery to affect the circulation
within the kidney. Indeed, evidence that All
formed within the kidney acts directly on the ef-
ferent glomerular artery without recirculation has
been lacking. The present study provides that evi-
dence.
Methods
Male Sprague-Dawley rats, each weighing be-
tween 125 and 175 g, were used so that the small
kidneys obtained would reduce the volume of per-
fusate required in these experiments. The prepara-
tion of the animals, the surgical isolation of the kid-
ney, and the perfusion apparatus have been pre-
viously described [1-3]. The perfusate consisted of
bovine serum albumin fraction V (Miles Laborato-
ries) in Krebs-Henseleit solution modified to obtain
a phosphate concentration of 2.4 m similar to the
normal plasma level of the rat [1].
With the isolated kidney mounted in the per-
fusion apparatus, three or four control periods of 10
mm each were obtained with recycling of the per-
fusate as previously described. In these studies,
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however, the volume of perfusate in each experi-
ment was 800 to 1,000 ml. After the control periods,
the renal effluent was diverted, and further periods
were collected during "open-circuit," single pass of
perfusate through the kidney.
Synthetic renin substrate, tetradecapeptide (Pe-
ninsula Laboratories, San Carlos, California), was
added to the perfusate (3 to 5 x 10—8 M) after recy-
cling was interrupted. Approximately 10 mm later,
collection periods of 10 mm each were commenced
and continued for an additional 30 to 40 mm. Then,
Sar1-Ala8-AII was added to the perfusate to a final
concentration of l06 M, and an additional three to
four collection periods were obtained.
Renal perfusate flow was measured by timed col-
lections of renal venous effluent during all collection
periods. Perfusion pressure was maintained con-
stant throughout all periods at 90/60 mm Hg, al-
though it was established that minor fluctuations in
the perfusion pressure did not affect the results re-
ported. GFR was measured with 3H-inulin (New
England Nuclear Co., Boston, Massachusetts) add-
ed in appropriate amounts to the perfusion medium.
Microspheres were used to assess the possibility
that All might cause redistribution of blood flow be-
tween outer and inner renal cortex. Radioactive
scandium (46Sc) and cerium ('41Ce) labeled micro-
spheres at 15 in diameter (New England Nuclear
Co.), suspended in 10% dextran with 0.1% Tween-
80, were prepared for injection by vigorous agita-
tion and 15 mm of sonication. Ten thousand micro-
spheres suspended in 10 l were mixed with 40 p.l of
perfusate and injected rapidly into the arterial line
of the perfusion system. A transient increase in per-
fusion pressure of 5 mm Hg of approximately 5
mm's duration was the only detectable conse-
quence of the injection of microspheres. '41Ce-la-
beled microspheres were injected during the middle
control period, and the 46Sc-labeled microspheres
were injected when the maximum effect of the re-
nm-substrate was observed. At the end of the ex-
periment, the two poles of the kidney were excised
and discarded, and the cortex of the kidney was dis-
sected free of medulla and separated into outer and
inner cortex. These were weighed separately in
tared tubes, and their radioactivity was measured
(Nuclear Chicago Co., Autogamma Counter, Chi-
cago, Illinois) with appropriate settings to separate
the counts from the two isotopes (the crossover of
scandium counts in the cerium channel was no more
than 3%). The counts for each isotope were normal-
ized per unit weight of outer or inner cortex. It
should be noted that though visual separation of
outer from inner cortex was made very carefully,
the need for precise anatomic separation was ob-
viated by the internal control provided by the use of
the two separately labeled microspheres. In the four
kidneys studied with microspheres, the effects of
renin substrate were identical to those reported in
Table 1.
Sodium and potassium in the urine collections
and perfusate were measured by flame photometry.
Statistical analysis was made by the Student's t test
for paired data.
Results
Within 3 to 5 mm after the addition of the renin
substrate, profound hemodynamic changes were
observed. A typical response is depicted in Fig. 1.
Renal perfusate flow decreased following the ad-
ministration of the tetradecapeptide, whereas GFR
rose sharply and filtration fraction rose accordingly.
Table 1. Effects of renin substrate and of SarlAlaHAIT on renal perfusate flow, GFR, and filtration fraction in the isolated perfused rat
kidney without recycling of the perfusatea
C
RPF
ml'min1
B SAR
GFR
ml mm Filtration fraction
C E SAR C E SAR
28
24
31
24
21
24
15
15
17
15
10
15
23
—
29
23
20
24
0.34
0.42
0.42
0.24
0.41
0.36
0.49
0.70
0.82
0,57
0.60
0.58
0.37
—
0.33
0.23
0.37
0.16
0.012
0.017
0.014
0.010
0.020
0.015
0.033
0.048
0.048
0.038
0.060
0.034
0.016
—
0.011
0.010
0.019
0.007
25.3
Mean SEM 1.6
14.4
1.0
23.9
1.7
0.37 0.63 0.29 0.015 0.044 0.013
a Each value is the average of three to four collections periods. C = control, E = renin substrate (3 to 5 X 108 M), and SAR
Sar'-A1a8-AII (3 x 10-6 M) plus renin substrate added to perfusate. All the differences between C and E and E and SAR are significant(P < 0.005).
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Renin substrate
(3 —5 X i0- M)
1
After four collection periods, the addition of Sar1-
A1a8-AII, an angiotensin antagonist, to a final con-
centration of 3 x lO M in the perfusate resulted in
a prompt return to control values.
The results of all six experiments are presented in
Table 1. It is clear that the values obtained in all
parameters are significantly different in the periods
with renin substrate from the control periods and
from the periods after the addition of angiotensin
antagonist. In fact, the angiotensin antagonist add-
ed in the presence of renin substrate reversed renal
plasma perfusate flow, GFR, and filtration fraction
to values that were not significantly different from
the controls.
To determine whether the effects of renin sub-
strate could be ascribed to a redistribution of corti-
cal perfusate flow, we examined distribution of mi-
crospheres before and after renin substrate was
added to the perfusate. The results are shown in
P.
Inner cortex
Fig. 2. Comparison of the distribution of cortical perfusate be-
tween Outer and inner cortex before (open bars) and following
(hatched bars) the addition of renin substrate to the perfusate
(N = 4).
Discussion
The procedure used and the results reported in
this study are compatible with the conclusion that
renin substrate can be converted within the kidney
to All and that the angiotensin acts locally to cause
constriction of the efferent glomerular arteriole.
This conclusion is based on the following facts: (1)
The perfusate lacks any converting enzyme activi-
ty. Therefore, the production of All in this prepara-
tion must have been accomplished within the isolat-
ed perfused kidney [1]. (2) The renin substrate used
(synthetic tetradecapeptide) itself has no direct
physiologic action in this preparation. Thus, in the
presence of converting enzyme inhibitor, SQ20881
(3 x l0- M), the renin substrate had no effect on the
isolated rat kidney [1]. (3) The effects of renin sub-
strate are completely abolished by an angiotensin
antagonist, Sar1-Ala8-AII (3 X 10-6 M); therefore,
the hemodynamic effects resulting from the addition
of renin substrate to the perfusate (which lacks any
renin substrate itself) must have been mediated by
All. All the observed renal effects of renin substrate
in this preparation are replicated by adding All to
the perfusate [1].
Knowing that the active principle in these experi-
ments was endogenous All, we can base the evi-
dence that its site of action is on the efferent gb-
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Fig. 2. Outer cortical flow averaged 75.3 3.5% of
the total cortical flow during the control periods and
73.7 2.3% during the maximal renin substrate ef-
fect. Thus, the action of endogenous All in the kid-
ney is not attributable to redistribution of cortical
40 60 80 100 120 140 perfusate flow.
Time, mm
Fig. 1. Effects of renin substrate and of Sar'-Ala8-AII on renal
perfusate flow (RPF), glomerular filtration rate (GFR), and fil-
tration fraction in an isolated perfused rat kidney. No recircula-
tion of the perfusate occurred during the study. Renin substrate
added to the perfusate caused a drop in RPF and an increase in
GFR and filtration fraction. These effects were abolished by the
further addition of an All antagonist (Sar'-A1a8-AII) to the per-
fusate.
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merular arteriole on the changes in renal perfusate
flow and GFR. At a constant perfusate pressure, the
only way a large reduction in renal perfusate flow
(40% reduction in these experiments) can occur
concomitant with a large increase in GFR (70% in-
crease in these experiments) is by constriction of
the efferent glomerular arteriole. Hypothetically,
the decrease of renal perfusate might result from
constriction of the afferent glomerular arteriole
whereas the increase in GFR might result from a
simultaneous increase in hydraulic conductance of
the glomerular membranes or a reduction of hydro-
static pressure within Bowman's space. Besides the
unlikelihood of such a hypothesis, direct measure-
ments of glomerular hydraulic conductance and of
proximal tubular pressure obtained by micro-
puncture in rat kidneys in vivo have failed to find
such hypothetical changes from All [4, 5].
The unlikely possibility, furthermore, that redis-
tribution of renal perfusion produced by All might
somehow have yielded the present results is ex-
cluded by the constancy of outer versus inner cor-
tical perfusion without and with All, respectively.
This is compatible with other evidence in vivo [6]
and in vitro [7] that the renin-angiotensin system
does not alter the distribution of renal perfusate be-
tween outer and inner cortex.
The conclusion that the hemodynamic effects re-
sult from the direct, local action of endogenous All
is a necessary consequence of the method of per-
fusion. Although the control periods were obtained
while the perfusing fluid was recycled, prior to the
addition of the renin substrate the recycling was
stopped. That is, all effluent from the isolated kid-
ney was collected for determination of perfusate
flow rate and discarded. Thus, nothing produced
within the kidney was returned to it.
Others [8—10] previously attempted to localize the
site of action of All and also used an "open-cir-
cuited," isolated, perfused kidney. They, failed to
block the effects of renin substrate by converting
enzyme inhibitor [10] or by an All antagonist [20],
making the interpretation of their findings ambigu-
ous. The lack of purified renin substrate in their ex-
periments may account for the discrepant findings.
Since the discovery of renin and its site of pro-
duction within the kidney, and since the potent
vasoconstrictor action of its physiologically active
product, angiotensin II, was appreciated, different
sites of action of the latter have been postulated to
fit the needs of various schemes of renal function.
Within the kidney, the possibility of a physiologic
role for All in constricting either afferent or efferent
glomerular arterioles has been stated. Some have
interpreted the "macula densa sensor hypothesis"
by postulating a selective or preferential action of
angiotensin on the preglomerular sphincter in the
afferent glomerular arteriole [11—15]. This assumed
site of action has not received experimental sup-
port. A number of clearance [16-20] and micro-
puncture studies [4, 5, 21] have reported results that
indicate a preferential effect of All on the efferent
glomerular arteriole. These studies used the injec-
tion of exogenous All, but indirect evidence has al-
so supported an action of endogenous All on the
postglomerular arteriole. Thus, Hall et al [22, 23]
have demonstrated in renin-depleted dogs and in
animals in which the action of All was blocked by
the angiotensin antagonist Sar1-A1a8-AII that reduc-
tion in renal perfusion pressure resulted in a fall in
GFR but a maintenance of renal plasma flow; their
animals were incapable of autoregulating GFR in
the absence of All.
Our data support and extend the evidence for
postglomerular action of endogenous All. The mag-
nitude of changes reported here may not be ex-
pected in vivo, because in vivo GFR is basically
flow dependent in the rat [24, 25]. Due to the high
perfusate flows, consequent to the low viscosity of
the cell-free perfusate used in this study, filtration
equilibrium would not be achieved. Therefore, GFR
is highly sensitive to changes in the driving force for
ultrafiltration. These results cannot exclude a minor
constrictive effect of All on the afferent glomerular
arteriole. Nevertheless, any interpretation of the
mechanism of action of endogenous All in the kid-
ney in vivo must take into account its major site of
action in the efferent glomerular arteriole.
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